in the active Cl transport system of frog (2) and rabbit (11) cornea1 epithelia. In both species catecholamines, butyrate derivatives of cyclic AMP, and methylxanthines increase the net Cl flux from aqueous to tears by amounts equivalent to the increase in short-circuit current (WC). In addition, it has been shown that rabbit cornea1 epithelial cyclic AMP content is increased in vitro by exposing corneas to theophylline and epinephrine (11) . The transparency of the frog cornea is enhanced when the SCC is stimulated by aminophylline, arsenite, or temperature rise, which suggests the participation of CI transport in the regulation of cornea1 hydration (2, 23). The active transport of Na is also accomplished by the epithelium.
Oriented in the tears-to-aqueous humor direction, Na transport opposes the Cl transport and amounts to about 5 % of the SCC in the frog cornea (1) and 50 % or less in the isolated rabbit cornea (11).
The rabbit cornea1 epithelium generates a potential of [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] mV (9, 15) The chambers exposed I cm2 of cornea to two well-stirred and aerated solutions of identical composition at 34°C with a hydrostatic pressure gradient of I cmHzO to prevent cornea1 buckling, Corneas were dissected from 8-to ISpound albino rabbits shortly after death and were mounted in the doublesided Lucite chambers.
In all experiments reported here, the endothelium was eliminated with Descemet's membrane to prevent the possibility that it contributes to the fluxes reported.
This was accomplished after removal of the iris and lens by gently grasping Descemet's membrane at the limbus with fine-toothed forceps and peeling it off as a sheet. Any remaining endothelium was abraded with a dry cotton swab. This left epithelium and stroma intact and resulted in a slow swelling of the latter throughout the experiment.
However, despite the unsteady-state hydration profile produced by removing the endothelium, the restriction to the diffusion of ANa and Cl offered by the stroma is only twice that of an aqueous solution.
Hence, it was assumed that ion activities in the subepithelial fluid ap-proximated those in the bulk solution during steady-state transport.
The normal Ringer fluid used in these experiments was similar to that previously described (11) with the substitution of 10 mM HCO3 for the osmotic equivalent of sucrose. (13)).
Effect of tbeophylline on Na and Cljhxes. The effect of lo-" M theophylline on the unidirectional fluxes of Cl, cornea1 potential, and resistance is shown in Fig. 2 . Following theophylline treatment there was an increase in both unidirectional fluxes. The flux-ratio equation would predict that Jt&/J$i = 0.3 for a univalent anion with a membrane potential of 30 mV. It is obvious from the data in Fig. 2 , which are typical, that the observed ratio is greater (J%', J:-: = 1) than that prediction, which confirms the fact (11) Figure  3 presents an experiment testing the effect of theophylline on the unidirectional fluxes of Na at open circuit. Unlike its effect on the chloride results, theophylline produces no marked effect on Na fluxes. It is again obvious from this paired experiment that the flux-ratio criterion is not met, since JFJ/J$ r~ 1 rather than 3.8 as predicted for a passive process.
A series of 10 paired experiments were done with 36C1 and 8 were done with 22Na to determine whether a significant net flux of either ion could be demonstrated at open circuit (Table  1) . During the control period the net fluxes of Na and Cl were not significantly different from zero, and cornea1 resistance and potential were similar to previous reports (9, 11). The calculated active fluxes confirmed the presence of the stroma-to-tears active transport of Cl and the active transport of Na in the opposite direction. The mean Na permeability of 3.1 X 10m4 cm/h was at the low end of the range of 3-9 X 10m4 cm/h measured in vivo by of evaporation, the original chamber was replaced with a Maurice (14 was slightly greater than the value of 4.3 X 10-d cm/h measured with short-circuited preparations (11). Whether this was due to a slight difference in technique or to polarizing effects of sustained current application is uncertain. Following the theophylline treatment there was a net flux of both Na and Cl in the direction of aqueous to tears of 20-40 nmol/cm2 h (Table  l) , Cornea1 resistance was reduced by half. Theophylline increased active Cl transport 2.5 times, while apparently decreasing the tears-to-aqueous Na transport by one-half. After theophylline treatment, apparent Na permeability increased by 42 %, but the major effect was on the Cl permeability, which showed a 115 % increase. If the action of theophylline were confined primarily to an increase in a unidirectional chloride transport mechanism, the latter result would be unexpected. Hence the increase in Cl permeability, which is calculated from the tears-to-aqueous flux, suggests that the action of theophylline is on a permeability barrier in series with the pump and/or that the pump is bidirectional.
Since the Cl transport produces a net outward Cl flux at open circuit, an equivalent amount of Na must also move in the outward direction to preserve electroneutrality. This is apparently accomplished through both inhibition of Na inward transport as well as an increase in the outward unidirectional flux (Table 1 ). The total increase in the latter flux can be attributed to the maintenance of electroneutrality independent of that part of the flux driven by the electrochemical potential gradient across the permeability barrier. Hence, the true epithelial Na permeability is probably not affected by theophylline. This provides support to the argument that the action of theophylline in this system is confined to the inhibition of phosphodiesterase as opposed to direct effects on membrane permeability.
EJect of temperature on N,Q and GlJEuxes following the@hylline treatment. Corneas were incubated at 24°C in the presence of 10m3 M theophylline and either 3"iCl or 22Na until a fairly stable potential and resistance were recorded. The response of the unidirectional Auxes was predicted with the Goldman approach, assuming each was a passive diffusion process with a Q 10 of 1.2. Following an increase in temperature to 34"C, both unidirectional fluxes of Na as well as the tears-to-aqueous flux of Cl were close to prediction (Figs. 4 and 5) * The difference between control and treated periods was significant (P < 0.05).
t The difference between these values and zero was statistically significant (P < 0.05).
transport.
A sample experiment is illustrated in Fig. 6 . Following the theophylline response, the epithelium was bathed with Ringer containing 10m5 M Ag+, which markedly increases inward Na transport in this tissue and which is partially reversible by reduced glutathione (unpublished data). Steady cornea1 thickness changes before and after theophylline are listed in Table 3 . The thickness changes reported were confined to the stroma, since epithelial thickness was unaltered (45.3 & 0.6 ,urn before treatment and 45.5 & 0.7 pm afterward) in these experiments. Since the reflection coefficient of the epithelium for NaCl is close to 1 (0.9997 can be calculated from the information given by Mishima and Hedbys (18)), the transport of 2040 nmol/cm2 h of salt from the stroma should be accompanied by isotonic water movement of about 0.2 &m2 h. This would yield a thinning rate of 2 pm/h, which is similar to the mean difference in thickness change of 2.27 pm/h (Table  3) . The agreement between solute transported and fluid moved is good and strengthens the argument that the epithelium might play a role in the regulation of cornea1 hydration in situ by means of its Cl transport system.
DISCUSSION
Net outward transfer of ANa and Cl in the presence of cornea1 potential could be demonstrated only after treatment with theophylline or dibutyryl cyclic AMP. This may attest to the dependence of Cl transport on adequate levels of intracellular cyclic AMP. Incubation of corneas has been observed to result in a decrease in cyclic AMP levels to one-quarter of their in vivo level, and while treatment with both epinephrine and theophylline increased the cyclic AMP content, the latter was still only one-half the in vivo value (11). The reason for the fall in cyclic AMP content on isolation of the tissue is unknown. However, dissection of the cornea eliminates two possible sources of adenylate cyclase stimulants : cornea1 adrenergic fibers (12) and the circulation.
Both sources of catecholamines may sustain the high epithelial cyclic AMP measured in fresh tissue over the levels for the isolated preparation.
Apart from the stimulation of active Cl transport, the major eflect of theophylline and dibutyryl cyclic AMP was an increase in Cl permeability, which on the average was double the control value. At the same time, treatment with theophylline had no great effect on urea permeability or on Na permeability when allowance for ion drag was made. These results imply that the mechanism for cyclic AMP-induced Cl permeation is anion specific. Theophylline also increases both unidirectional fluxes of thiocyanate across the epithelium (unpublished data). Therefore, one cannot exclude similar effects of cyclic AMP on HCOZpermeability.
The tears to stroma, no obvious relationship of this transport and cornea1 dehydration was anticipated. Green (6, 7) confirmed the presence of Na transport and showed that the SCC and cornea1 thickness were dependent on tearside Na. However, his conclusion that stromal thickness was determined by inward-Na transport has been proven unwarranted, since it has been shown that when adequate cell levels of cyclic AMP are maintained, the inward Na transport is more than balanced by the outward transport of Cl. Hence with Cl transport throught now to be the dominant system, the function of the Na transport remains unknown.
The present studies confirm the existence of the active Cl transport system in the rabbit cornea1 epithelium and establish the fact that there is net transfer of Na and Cl from the stroma to the tears in the presence of the cornea1 resting potential, which opposes and reduces the extent of the Cl transport.
Further, it is shown that under similar conditions, the cornea thins in response to theophylline when the cndothelial surface is blocked by silicone oil.
